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Abstract: Forest structure and ecological function serve important roles in China’s Grain for Green project. This paper
analyzes seven grain for green patterns in the Loess Plateau Gully and Hill Region using data analysis and modeling.
Fourteen forest structure factors and two ecological function factors were selected for analysis; these factors were reduced
dimensionally using factor analysis, and models of the degree of coupling and interaction between forest structure and
ecological function were constructed. Based on the model, analysis of data related to forest structure, soil erosion and runoff
was completed for the Grain for Green project in WuQi County, Shanxi Province, China. The results reveal various
relationships exist between the different forest structural factors analyzed here. All the factors can be reduced dimensionally
into four main factors identified here as F1, F2, F3, and F4. These four factors represent the tree layer, upper canopy layer
mass, soils and an alternative factor, respectively. A component score coefficient matrix in the Grain for Green patterns was
obtained by multiplying the factor coefficient and the corresponding basic data, and then combining the scores to calculate a
component score. Each forest structural feature was expressed using the component score coefficient matrix, which shows
that two types of forests, pure Robinia pseudoacacia and mixed Robinia pseudoacacia / Fructus Hippophae had the highest F1

score; pure Caragana intermedia forest had the highest F2 score; and pure Fructus Hippophae forest had the highest F3
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score. The coupling degree of the Grain for Green patterns differed between different models, and the integrative indices of
forest structure did not correlate well with those of ecological function. The integrated index measuring the relationship
between ecological function and surface runoff is larger than the index measuring the relationship between ecological function
and soil erosion. Forest component factors have the most obvious effect on ecological function, and the effect of the soil
factor is the least obvious. The mass of herb layer, litter layer and some other structures near the ground play the main role
in the ecological function of controlling soil erosion. The relationships of forest structure and ecological function in the grain
for green project differ in the various patterns. Forest structure and ecological function were most closely related in areas with
pure Fructus Hippophae, while index score belongs to the middle coupling coordinative level. Pinus tabulaeformis had the
least interaction between forest structure and ecological function. Calculating the score for all types of models discussed
above shows a measure of the degree of interaction between the forest structure and ecological functions can be measured
with a score of 0.6, which is considered to indicate a weak interaction. Therefore, forest structure and ecological function

should be improved during the application of any Grain for Green project in the Loess Plateau Gully and Hill Region.

Key Words: grain for green projecs; forest structuret; ecological function; factor; coupling
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Table 1 Standardization of data processing
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Table 2 Rotated component matrixa

Ea ST Main factors
Factors 1 2 3 4

X, 0.447 -0.643 0.257 0.341
X, 0.844 -0.038  -0.312 -0.186
X 0.892 0.286 0.197 -0.088
Xy 0.879 0.183 0.339 0.267
Xs 0.173 0.947 0.103 0.170
X 0.275 0.809  -0.266 0.130
X; -0.122 0.167 -0.196 0.877
Xy 0.791 0.259 0.250 0.484
Xy -0.134 0.104 0.945 0.044
Xio -0.028 -0.465 0.735 0.342
Xy 0.788 0.217  -0.387 0.190
X 0.482 0.792 0.235 0.185
X3 0.509 -0.017 0.794 -0.280
Xy 0.419 0.030 0.357 0.807
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Table 3 Component score coefficient matrix in the grain for green patterns
B HEEL Grain for green patterns F1 F2 F3 F4 F
VR Fructus Hippophae 3.678862 1.856102 3.264445 2.202591 2.942925
¥4k Caragana intermedia 3.937344 3.355422 1.10375 2.2906 3.105895
A+
ﬂ;“% {/ﬁﬁ . . . 4.704132 0.455898 2.837097 1.825067 2.922872
mixing Robinia pseucdoacacia with Fructus Hippophae
HI#R Robinia pseucdoacacia 4.839142 2.173204 0.461533 1.729543 3.026237
Vil 41 A
{/,I/,K IJ-I'III . . . . 3.718363 0.402365 1.996571 2.84571 2.477254
Mixing Siberian Apricot with Fructus Hippophae
WA Siberian Apricot 1.267153 0.576546 1.001882 -0.08426 0.860565
TS Pinus tabulaefor mis 0.020211 -0.04655 0.722445 1.189103 0.27864
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Table 4 The matrix of forest structure and ecological function coupling in the grain for green patterns
M ZER K F Forest structure factors

HARAT 1 2 3 4 5 6 7 8 9 0 1 12 13 4 T
Ecological " " . n i +3 . s Mean
N A N = 3 ] “F 2 = 3 =
function factors Aty fﬂj q:/,] IS P £ t ’rﬁ%‘u ‘?ﬁi% *ﬁlﬁ#ﬁ/{ j:irf"‘“‘ £ j.LE ‘?jﬂz ﬁ%#ﬁj i%*‘“‘ value
o mE S M e AP YR AE LRE LB WER WER AKkE BEE
U
.
i%{xl'&‘\ 0.50 0.50 0.50 0.50 0.51 0.51 0.72 0.64 0.50 0.50 0.52 0.53 0.52 0.50 0.53
Soil erosion
fAus
iRm%%IfIML 0.74 0.70 0.58 0.65 0.65 0.62 0.71 0.85 0.57 0.59 0.74 0.74 0.62 0.61 0.67
unof
5
0.62 0.60 0.54 0.57 0.58 0.56 0.71 0.74 0.53 0.55 0.63 0.63 0.57 0.56 0.60
Mean value

MHARST Forest component; 345 B Average height; 34 [1% mean Breast-height diameter; fif[41E Crown density; 14z 45 The mass of branches ; 4= ¥t
The mass of roots; FLASZA: 4 The mass of herb layer; #7454 L) The mass of litter layer; 3 MFLBE Total porosity percent; T HEEEFLHE Capillary porosity;
EEZ R The canopy interception rate; HAJZE 2 The herb layer interception rate; 7% %)% 7K i The litter water holding capacity; 1 3E#8 % The soil stable

infiltration rate
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Table 5 Standerd of ecosystem coordination

Dy 0<(C=<04 0.4<C=<0.5 0.5=<C=<0.6 0.6<C=<0.7 0.7=<C=<0.8 0.8<(C=<0.9 0.9=<C=<1.0
Standerd of ecosystem

g R I f N N N g N N N N
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YRR : OECD ( OECD 2003)
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Table 6 Evaluation results of ecosystem coordination in the grain for green patterns

1538 Grain for green patterns C A PMEZER! Type of ecosystem coordination
¥ 4& Caragana intermedia 0.68 MM Light coordination

JHAS Pinus tabulaefor mis 0.39 = AN Serious ncoordination

VPR Fructus Hippophae 0.73 T EE 3 JE Middle coordination

YOI LU mixing Siberian Apricot with Fructus Hippophae 0.71 HhEHME Middle coordination

LAY Siberian Apricot 0.45 A EE R E Middle incoordination

HAR VP mixing Robinia pseucdoacacia with Fructus Hippophae 0.65 551094 Light coordination

HIBE Robinia pseucdoacacia 0.63 55 B4 Light coordination

C BB ML 5 A4 S T RE R SRR A

3 FwErtig

(1) MRHBZEHE 5 R 25 D RE B AR AR S AL A2
Ze i, A 2 IAE bR A 25 4 1 22 5 0 AR A T R Y
ZIHAE, 8 K A S A e W] AR L A5 44 TR
AR b X 3 AR L ek D/ N S T ] AR R Y

S, MR AL TR AR T AR R, 25
VA A R R AR TR SR Y A I B/ T A
IS LB AR A, Qv+ LA TR SSMR Y e A2
i LN TP RARR LA SR Y 3 AR I
T E A R AR R AR AR A YR
R AR BOR IR SR AR AN s A VR W LR W)

http ; //www.ecologica.cn



17 34 THIE

S5 AR MO M AEHE 5 ARSI RERIR A G R

4997

T DL SRR SR AR W M SR AR TR AT H A i £
FH A 0 A e DA B e AR T2 A e K o, G
HBRAR AR/ 5 A 5 (X 15 i SR AR AL 19 5% B
F AR/ X AT e i T AR G I B M SR BR T
SARAFIE A By R b AN [R] B9 52 000, 30 52 N R 145 3l B
MR TN A 3% 2l AR 5 R AN TEAR R BT E 46 b
PRZ N, Bl L3R 7 7e R A T RE b B I A 1
HAERIOTTE o AR T R 5 2 PR S5 4 IR 7 119
KERRBOTLE ), FARR AW A9 A Y55
T B 2R B AR AN R X AR P AR FHAR I J

(2) AR B AR S5 1 5 A= 25 I RE I R Gt
ARG TE MR L R B 22 53, e rp FUA VD JiRabk A
VDR LA TR SSPR AR 5 DI 8] E A v, A T v JBE I 9
AR IMAR SRR AR 5 D0 I8 B R AR, 2545 25 1R AR AR
A T30 R BOERE, /T LR ks s pRre 52k
FLBAHAAR TR v 9 A SR AR B, FEAR L I 5 |
g MRS BB AR bk TR Y J5 22 i
Hh, T2 RS VD IR AR U0 LAY TR SRR S i
DX AR 2l B, BEAT BV A3 SO BB B
MR ZR ARG B 0.6, 40 T 55 R AR X
W] H AT S BB B IX AR 454 5 AR N AR S T REZ
) I B AT 56 42 92 LS BT IC 5 P 9], o Btk — 20
K

(3) HEHE SRR Z N TAESATFRTMS
AR ST, Al ] TR R AR AR A K 5 DI RE G R B2
B, ARG RGBS T AR IR B bt
RIS 5 D) BE 22 18] B 5 2R I RIE ST, B Bk ik AR
BN PR R i 7 o € o= v W S L R Rl
o MBI EZERORE T 07 1254 LU JLA R AR
—oE il ERT R, TR S S AR A R SO,
AH T B AR ST RERY B 3R TR iR
g AR 8D T PR e AR v S L T Y R
e, 25 SR AN 2 WL, AR T PR 1 1B 4 L S T A
PRAERE P B AL T2 B, 7 24 5 FHCE 2
BT LUE IE M SE 3

(4) SR A i bR it A 25 D RE A TR 2 22 7 T
(9, MARMA S R G R 2 i 2k D Re it
P T HAR ST RE R R/ INE: th 25 0 PR 3R L1
F SRR EE A, B L, AR ] B B 2 A 22
BRI R A BUR A BT ST, 0012 M\ R S8 B A B9 £
JERSCHINT, —E R E AN, e &R B E AR TR S5

552 304 (G Toe A o

References :

(1]

[5]

(9]

[10]

[11]

[12]

[13]

LiJ G, He C Y, Shi P J, Chen J, Fu Z H, Xu W. Change
process of cultivated land and its driving forces in Northern China
during 1983—2001. Acta Geographica Sinica, 2004, 59 (2):
274-282.

FuBJ, QiuY, Wang J, Chen L X. Effect simulations of land use
change on the runoff and erosion for a gully Catchment of the loess
plateau, China. Acta Geographica Sinica, 2002, 57 (6):
717-722.

Li Q R, Wang J J, Guo M C. Coupling relationship of ecological
agricultural system of commodities in Ansai county based on
structural equation model. Transactions of the Chinese Society of
Agricultural Engineering, 2012, 28(16) : 240-247.

Zhou Y, Wei T X, Xie J Q, Shi X, Ge G B, Dong Z, Cheng Z
Q. Different types of vegetation cover and water conservation
benefits. Journal of Soil and Water Conservation, 2011, 25(3):
12-21.

JiY Z, Zhao Z. Optimum vegetation recovery model of conversion
of farmland to forest ( grassland) cost effective mode suitable for
Jingchuan of Gansu Province. Research of Water and Soil
Conservation, 2009, 16(4) . 142-145.

Gong J, Chen LD, Fu B J, Li Y M, Huang Z L, Huang Y L,
Peng H J. Effects of land use and vegetation restoration on soil
quality in a small catchment of the Loess Plateau. Chinese Journal
of Applied Ecology, 2004, 15(12) : 2292-2296.

Zhu H L, Yang G H, Han X H. Variation characteristics of
hydrological features in Ansai County. Journal of Northwest A&F
University; Natural Science Edition, 2011, 39(8) . 178-184.
LuSY, Peng W X, Song Q T, Zeng F P, Du H, Wang K L. Soil
microbial properties under different grain for green patterns in
depressions between karst hills. Chinese Journal of Applied
Ecology, 2012, 32(8) : 2390-2399.

Peng W X, Song T Q, Zeng F P, Wang K L, Du H, Lu S Y.
Models of vegetation and soil coupling coordinative degree in grain
for green project in depressions between karst hills. Transactions of
the Chinese Society of Agricultural Engineering, 2011, 27(9):
305-310.

Zhang Y L, Li H E, Zhang X C, Meng Q X. Review on the
mixing zone depth of rainfall-runoff-soil interaction. Transactions of
the Chinese Society of Agricultural Engineering, 2007, 23(9):
283-290.

LuSW, Chen J H, Yu X X, Xing W F, Lu S B, Wang Y H,
Wang P. Studys on configuration and function of forests in rocky
mountain area of Northern China. Journal of Soil and Water
Conservation, 2007, 21(4) . 77-80, 84-84.

Jiang Z L. Forest Ecology (5): Water and soil conservation forest
ecosystem function (1). Chinese Journal of Ecology, 1985, 2.
59-63.

Shi ZJ, Wang Y H, Yu P T, Xiong W, Guo H, Guo M C. Study
on different forestry vegetation’ s eco-hydrological function in

Liupan Mountain of Ningxia China. Journal of Soil and Water

http ; //www.ecologica.cn



4998 S % 34 %
Conservation, 2005, 19(3) . 23-28. (4] JAR, B¢, s, A, SREE, &, Pk &

[14] Shi Q, Yu X X, Guo H, Yang A R. Analysis and evaluation on 75 RS ) bR b 25 B K A A5 3575 3% 0 bt 7J(j:1R‘H‘F$*&,
function of different forest types on water resources protection. 2011, 25(3): 12-16, 21-21.

Bulletin of Soil and Water Conservation, 2004, 8(4): 31-33. [5] ZooM, &UR. EE TR EBHHEA ) MK R AL

[15] Xiao Y, Chen L H, Yu X X, Yang X B, Sun Q Y. Influence on R K AR ERIEST, 2009, 16(4) ; 142-145.
precipitation distribution of pinus tabuleaefomis forest in Miyun [ 6] TLA, BRAITL, MAAAs, 20, R, W28k, U,
reservoir. Journal of Soil and Water Conservation, 2007, 21(3) . T Fr B8 IX /N3, b 0 R R 52 % - S5 R R Y S ).
154-157. AR 2ER, 2004, 15(12) ; 2292-2296.

[16] Xu L H, Shi Z J, Wang Y H, Xiong W, Yu P T. Canopy [ 7] REF, tmoor, sfipite. et %€ Bk U2 R AL ARE 5
interception characteristics of main vegetation types in Liupan Br. PR ARBL B K 2f 22 4. H R B2 , 2011, 39(8):
Mountains of China. Chinese Journal of Applied Ecology, 2010, 178-184.

21(10) ; 2487-2493. [ 8] LA, Wi, KENE, BHF, Mg, Frisk milih

[17] He B, Qin W M, Dai J, Liu F, Huang Y. Study on function and DA Hb AN [R]R A e Mo BRSSP, RS2,
value of water conservation in different age classes of Acacia 2012, 32(8) : 2390-2399.

Mangium Plantations. Journal of Soil and Water Conservation, [9] MR, KRENE, S8F, E5omk, g, B vk
2006, 20(5) : 5-8, 27-27. AR B bR R T R A AR B R A P A BT A Al

[18] Xu J. Ecological Functions of Forest Floor in Forest Ecosystems in TR, 2011, 27(9) : 305-310.

Beijing Mountain Area [ D ]. Beijing: Beijing Forestry [10] SKIERE, 2B, K% E | #IRFE. FETH -2 -1 IR SRR
University, 2010. JEWFTE kIR, Aol TRE2EH, 2007, 23(9) : 283-290.

[19] YeJ, HaoZ Q, Jiang P. Studies on rainfall holding process of the [11] &84, BRI, &g, fisck, 800, TRk, T2
bryophyte and litter layer in coniferous forest of Changbai b AL AR RS> G54 5 IR B9, K RORFEFIR,
Mountain. Chinese Journal of Applied Ecology, 2004, 24 (12) . 2007, 21(4): 77-80, 84-84.

2859-2862. [12]  ZEM BMAEDE(I) : RRETREE KB LI

[20] Song HW, Lu S M. Study on repairing permanent transportation (1). AL, 1984, 6. 58-61.
roadway in deep mining by bolt-shotcrete and mesh supporting. [13] WA, EEME, Tk, e, ik, SlE. TE&L
Journal of China University of Mining & Technology, 1999, 9 X 46 Hh 2 B AR AR 4 A S K SCTRE I 9. K PR R R,
(2): 167-171. 2005, 19(3) . 23-28.

[21] Wang Y J. Grain-For-Green and Agricultural Land Resource- [14] G, A5mBE, 30, B, ARZERKFIR AR 5 R
Industry System Coupling in Loess Hilly Region [ D]. Yangling: PIRERY S HTAPEAN . K LR HRE A, 2004, 24(4) « 31-33.
Northwest A & F University, 2010. [15] MV, BRmfE, B0, Wi, IACHE. Jbmt 8 oK i

[22] Liu Y B, Song X F. Study of coupling characteristics between TR B8 7K 43 TiE 8 52 ). 7K iﬁ‘}%i’?&, 2007, 21(3):
regional urbanization and eco-environment — Taking Jiangsu 154-157.

Province a case. Journal of China University of Mining & [16] tRENZE, WHEA, TEWE, REMH, Tk, SNl EZAR K
Technology, 2006, 3(2): 182-187. TR )2 B ARAE. AR AR, 2010, 21(10) ; 2487-2493.

[23] Wang M Q, Wang J D, Liu J S. Analysis of the coupling between [17]  fpak, 20, 0%, X%, 958, O 5AE A TS F4F i
resource-environment and Population-economy in  West Jilin P B K R 7% T RE e HAN (E F 5% 7J(j:{/‘}i?#'%"'%}(, 2006, 20
Province. Bulletin of Soil and Water Conservation, 2008, 28(2) : (5):5-8, 27-27.

167-172. (18] . dbatih XML B BRARAG A2 LS I RERTSE [ D], dbat:

[24] Sun A J, Dong Z C, Zhang X Y. Coupling degree between urban jlﬂf?’:%ﬂkﬁ%, 2010.
economy and technical efficiency of water use in China. Resources (197 W3, MBdPC, ZE3. K P LT H AR E #EAL T W 2 10 R TR 4
Science, 2008, 30(3) : 446-453. B AR, 2004, 24(12) ; 2859-2862.

P (217 VEFHT. B4 bR DGR B AR Al 5 3507 L R Ge il & 1 52

) WRFFE—A& PRI [ D] Bk AR AR R

[ 1] ZERW, RN, 255, B, S8, i 120 4P HE 2, 2010.

677 13 AL 58K 3 0y, H AR, 2004, 59(2) : [22] XM, Resge. XI5 AR BB 0 i ——U
274-282. TLIE . A E K22 4], 2006, 3(2) . 182-187.

(2] M, s, B4, AT 84 BN oA 22 1k (23] FEH4, EL&I5, XFEB HHRE TGIRHE RSN D255 R
XK LR ISR . b BH2AA, 2002, 57(6) : 717-722. JREIFREVE BT, K AR FRE R, 2008, 28(2) : 167-172.

[ 3] ZR&%, B4R, SR BT 45 7 B R iy -2 98 By A [24] PhEZE, I, s/, T EIRTT 2T 5 RUKEARRCE S

RN ARG LR, LA TREIR, 2012, 28 (16):
240-247.

PrEERFSE. TR, 2008, 30(3) : 446-453.

http ; //www.ecologica.cn



